INTRODUCTION
An algorithm for estimating the halflife of decaying nuclei when the time at which the parent is created is unknown (indefinite start time), is presented.
There are two domains of its possible application. One of them is studying of Zeno effect [1] . Due to this effect, as an investigation of unstable systems, carried out by Halfin [1] , has shown, the velocity of the decay of a quasi stationary state does not follow the exact exponential distribution. A possibility of such non exponential decays follows from the general consider ations of quantum mechanics.
Deviations from the exponential law are expected for very short and very long time intervals after a quasi stationary state has been established [2] . Fonda et al. [3] have analyzed the decay model and have shown that under definite significant deviations from the exponential law can take place in a circa 10 halflifes long interval, and the domination of the inverse power law-in a 25 halflifes long interval. Another one is estimation of the halflifes of related recoil alpha sequences in heavy ion induced nuclear reactions.
It should be noted about short intervals that the observation of chains 220 Rn 216 Po allows us to study these effects very successfully due to a relatively short halflife of 216 Po, what means that there is no need to employ the beam time [4] . Therefore, the purpose of this paper was the development of a mathematical approach to the halflife estimation in the field of short times. For now the exponential decays are considered.
THE SIMPLEST APPROACH
A relatively constant concentration of 220 Rn under goes the alpha decay and the resulting "daughters"-216 Po-do the same with an unknown halflife time. The decay instants of both Rn and Po are registered; the energies of alpha particles (within a solid angle of about 80% of 4π) are also registered, so that isotopic references of the decays may be established well but it is not known whose "daughter" is the appearing nucleus. The zeroes of the decays (start times) remain unknown, and, therefore, we can't evaluate the halflife by usual maximum likelihood estimators. Abstract-An algorithm has been proposed to build an estimate of the half life of a "daughter" nucleus in case, when it is unknown, which nucleus is its "mother" ("indefinite start time"). For a decay of the "mother" at an instant t we can determine P-a probability of such a decay, if we assume that each "mother", which has been decayed before t has equal chances to be "mother" of this "daughter":
where τ is the life time of the "daughter" and n t is their total number; t i ist the instant of the "mother" decay, such that t i ≤ t.
We can consider this formula as function of the "mother-daughter" relation for our case, and, in principle, build an estimator of the τ quantity: where the weights w i i have been normalized by their sum for each t. The averaged sum of such estimates over all the "daughter" decays will give us the final estimate of the τ parameter. Keywords: Rare statistics, Zeno effect, Half life. DOI: 10.1134/S1547477110060051
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No. 6 2010 ZLOKAZOV, TSYGANOV At the same time the character of the data of this experiment are such that we neither explicitely on the half lives of both isotopes. Let the registered data t i , i = 1, 2, …, m + n, be a union of sets of decay instants; among them there are m Rn decays and n those of Po. Let us then arrange the sequence of this data in a time increasing order, and assume that Rn decay distribu tion is uniform in a range [0, T m ] and that of Po be in an interval [t 0 , T m ], where t 0 is the zero time, and τ is the halflife of 216 Po, which should be evaluated. Actu ally τ is the mean lifetime, but for simplicity reasons we shall further call it halflife, bearing in mind that the halflife T 1/2 is proportional to the mean lifetime: T 1/2 = ln(2)τ.
Then the average time between the two Rn decays is T d = T m /m. The "average" probability of Po decay during this time is exp(-T d /τ), and if this quantity is substantially smaller than 1, the majority of decays of both isotopes will be chaotically intermingled with each other.
To solve the problem the following approach is pro posed. Suppose that for some reasons Po half life is substantially smaller than T d , and it means that the probability of decay during this time is however close to 1. We search for each ith Po j i th Ra, which is the closest to it on the left and build a set of differences t i -t ji , i = 1, 2, .., n. Their mean (1) will be the usual least square estimator of τ, because for every decay process the normalized sum of its decay instants is both least square estimate and that of maxi mum likelihood.
APPLYING THE RANDOMIZATION
CONCEPT This estimator will work well only in particular case of exclusively small τ, so that T d is several times greater than T d ; in other words, if Po decays for the time length T d with a very large probability. Otherwise, the decay instants of Rn and Po will be intermingled chaotically, and the estimate of T d will be very lowered.
We can define a measure of such chaosness, or, decay correlatedness of both the isotopes, and it can be done by various ways, e.g., so
where k i -the number of Po decay instants, which are between the ith and i + 1th decays of Rn nuclei. In a
case, when 2n/(m + n) Po decays get on the average into this time interval, the measure h 1 will be close to the zero, and, vice versa, the more it differs from zero, the more chaotically the decays are mixed together. The second measure of chaosness is h 2 -difference of the unit and the ratio of the number of registered Po decays and the number of Rn decays: the further it is from zero, the more chaotic is the mixture.
Using h 1 and h 2 we can estimate chances of (1) of success, and if the both are closer to 1 than to 0, we need some another estimator.
Let us try the following one. Let's abandon the idea that the Rn, closest to the Po on the left, is its "mother" with the probability 1. Instead, we will use a set of probabilities of all the Rns foregoing to each Po to be its "mother", and build the estimate of τ by sum ming, as in (1), of all the differences of Po instants and the corresponding "starts" of its "mothers" with dif ferent weights, which are proportional to these proba bilities. First suppose that Po halflife τ is known to us. For any given Po decay instant t we don't know what Rn nucleus has produced this decay, but we can deter mine the probability of Po decay at the time instant t, if we assume that every Rn nucleus which has decayed before t has equal chances of being the "mother" of this Po. This probability is (2) where t i -the instant of the Rn decay, such, that t i ≤ t, and n t is their total number. Using randomization con cept we can now consider (2) as a relation "motherdaughter" for our case, and, in principle, build an esti mator for the τ quality:
where the weights w i are equal to (4) and normalized by their sum for each t. This sum, averaged over all Po decays, will give us the final estimate of the τ parameter. Of course, in order to build the weights (4) we already need the meaning of τ, and just it is to be found. Here we can use a method, which is usual for such cases: taking some apriori estimate of τ, e.g., (1) (it doesn't depend on τ), we then can use an iterational process of τ refinement, and in case of its convergence take the result as the estimate, searched for.
The efficiency of this estimator is substantially higher, than that of the foregoing one for large h 2 , h 2 , and less depends on the relation of Rn and Po s. Nev ertheless, the assumption of equal probability for any
